ABSTRACT. Objective. To compare the overall nutrient intake of American children (ages 2 to 19) who exclusively use skim milk instead of 1%, 2%, or whole milk; lean meats instead of higher-fat meats; or fat-modified products instead of full-fat products.
C ontemporary dietary guidelines recommend that all healthy American children older than age 2 consume a diet that provides an average of 30% energy from total fat, less than 10% of energy from saturated fat, and less than 300 mg of dietary cholesterol per day. [1] [2] [3] Current consumption of total fat (ϳ34%) and saturated fat (ϳ13%) by American children exceeds these levels. 4 -8 Concerns about the safety of lower-fat diets for American children typically focus on increased risk for inadequate micronutrient and/or energy intake. Some experts disagree with current recommendations, suggesting they are unnecessary and potentially dangerous if overzealous parents fail to provide adequate energy and micronutrients to assure optimal growth and development. 9, 10 However, clinical intervention studies assessing effects of lower-fat diets consistently indicate it is possible for children to maintain or even improve micronutrient intake when following a supervised low-fat diet. 6, [11] [12] [13] [14] [15] It is unclear whether American children (and/or their care givers) can appropriately implement a lower-fat diet without professional guidance. Several studies that have stratified children based on percent energy from fat report adequate micronutrient intakes, 16 -18 whereas others have not. 19 , 20 Lifshitz and Moses 21 described eight cases of failure to thrive with unsupervised implementation of a low-fat, low-cholesterol diet. Low-fat diets may not have been the sole culprit as these diets also were insufficient in energy and micronutrients. In their review, Kennedy and Goldberg 22 concluded a diet with 30% of calories from total fat and 10% from saturated fat provides for adequate growth in children if adequate energy intake is provided.
Appropriate implementation of a lower-fat diet is facilitated by translation into food choice information. Dietary recommendations commonly suggest use of lower-fat versions of milk, meats, and added fats and oils.
2, 23 Dwyer 24 suggested that the simplest recommendation for reducing children's total fat and saturated fat intake is to substitute skim milk for whole milk. Commercial fat-modified products such as salad dressing and cheese may further reduce fat intake; however, potential benefits of fat substitutes are speculative, 25 and research on the safety and efficacy of fat replacements in children's diets is needed. 26 Computer modeling studies using specific lowerfat food choices have identified theoretical strategies that reduce fat intake while maintaining adequate energy and micronutrient levels for young children. 27, 28 Modeling also demonstrated, however, the negative impact of using multiple fat-reduction strategies. These theoretical menu modifications may not reflect actual consumption patterns of children using lower-fat food choices.
No studies have investigated food choices of American children to assess the impact of specific lower-fat food choices on overall nutrient intake. It is unclear how adoption of common lower-fat food choices by this population affects nutrient intake. Three scenarios are possible: 1) children (and/or their care givers) who choose lower-fat foods could report significantly lower intake of total fat and saturated fat while maintaining adequate energy and micronutrient intakes; 2) children could report lower-fat intake but inadequate energy and micronutrient intakes; or 3) children could compensate for using lower-fat food choices and, therefore, would not report lower-fat intakes with use of lower-fat food choices.
The purpose of this study was to investigate the impact of specific low-fat food choices of free-living American children by comparing the overall nutrient intake of children who used skim milk versus 1%, 2%, or whole milk; lean meats versus higher-fat meats; and fat-modified products versus full-fat products. Overall nutrient intake of children who used any fat-reduction strategy or multiple fat-reduction strategies was compared with children who used none of the strategies. This sorting reflects previous theoretical models and is designed to determine what happens when children consume the lowest-fat products available in each food grouping.
METHODS
The Continuing Survey of Food Intake by Individuals (CSFII) for the years 1989, 1990 , and 1991 were the data sources used. This nationally representative dietary intake survey uses a multistage area probability sampling procedure, a complex survey design described elsewhere. 29 Demographic and food data for each individual are available in different record groupings (eg, by specific foods, by aggregate food groups, by specific nutrients, by demographics, and so forth). These records can be linked, in most instances, to the individual, allowing for a variety of analytical manipulations. CSFII data for these years were collected by trained interviewers using one 24-hour recall followed by food records for 2 consecutive days. Diet recalls and records for very young children typically were provided by their mothers. Although some children may provide information about their own intake, the percentage doing so is unknown. Despite the detailed sampling criteria and complex design, there are inherent limitations to collecting data and interpreting findings from nutrition monitoring surveys. For example, precise anthropometric and biological measurements are not available to confirm the accuracy of dietary intake reports. Furthermore, issues of underreporting are a concern. However, nutrition monitoring studies do provide insight into food consumption patterns and are useful in describing trends and answering general dietary intake questions.
The nutrient databases for the CSFII are the United States Department of Agriculture (USDA) Nutrient Data Base for Standard Reference 30 and the USDA National Nutrient Data Bank. 31 Most database values are obtained from laboratory analysis. Those not available from laboratory analysis were imputed from data for other forms of that food or from data for similar foods.
Only records representing all 3 days of intake were used (approximately two-thirds of the sample). In accordance with CSFII definitions, children were defined as "those greater than 1 and less than 20 years of age." For each survey year, food codes were used to sort respondents by certain lower-fat and higher-fat food choices, ie, type of milk used (skim vs higher-fat milks), type of meats used (lean vs medium-fat and high-fat), 23 and type of cheese, yogurt, salad dressing, cake, and pudding (hereafter referred to as full-fat products or fat-modified products). These food choices represent common dietary recommendations for the general public and have been analyzed previously on a theoretical basis. 27 To determine the full impact of using such food choices, a unique and rather restrictive sorting procedure was developed. To be considered a lean meat user, a child must have eaten only lean meats across the 3 days of intake and no medium-fat or higher-fat meats. Thus, any reported intake of ground beef across the 3 days would remove them from the lean meats group. Similarly, to be included in the fat-modified products group, a child must have consumed only fat-modified versions of all five products (or not eaten any of these products) for all 3 days. Sorting CSFII respondents in this manner required the creation of new data subsets from the original CSFII data before analysis. Once sorted, individual food records containing daily nutrient intake for each child were located and analyzed. Detailed methods have been described elsewhere. 32 In addition to comparing exclusive users, mixed users (ie, some use of lower-fat and some use of higher-fat foods), and nonusers of each fat-reduction strategy, overall number of strategies used also was analyzed. Single strategy users included: 1) exclusive use of skim milk but not lean meats or fat-modified products; 2) exclusive use of lean meats but not skim milk or fat-modified products; 3) exclusive use of fat-modified products but not skim milk or lean meats. Multiple strategy users included: 1) exclusive use of skim milk and lean meats; 2) exclusive use of skim milk and fat-modified products; 3) exclusive use of lean meats and fatmodified products; or 4) exclusive use of skim milk, lean meats, and fat-modified products. Users of no strategies included those who used 1%, 2%, or whole milk; those who used medium-fat or high-fat meats; and/or those who used full-fat versions of cheese, yogurt, salad dressing, cake, or pudding.
Analysis of 3-day mean nutrient intakes included: total fat, saturated fat, monounsaturated fat, polyunsaturated fat, cholesterol, sodium, energy, protein, carbohydrate, vitamin A as retinol equivalents, vitamin C, iron, calcium, zinc, adjusted vitamin B-6, 33 magnesium, vitamin E, vitamin B-12, thiamin, riboflavin, niacin, folate, potassium, and phosphorus. Although evaluated in other studies, vitamin D, selenium, manganese, copper, and sugars were not evaluated in this study due to their exclusion from the CSFII database.
Because nutrient intake may be influenced by total energy intake, nutrient density (intake per 1000 kcal) is commonly used to minimize the impact of energy on nutrient intake. In this study, nutrient density was assessed by dividing 3-day mean nutrient intakes by 3-day mean energy intakes, then multiplying by 1000. 34 Age-related percent recommended dietary allowances (RDAs) (capped at 100) also were assessed for energy, protein, vitamin A, vitamin C, iron, calcium, zinc, vitamin B-6, magnesium, vitamin E, vitamin B-12, thiamin, riboflavin, niacin, folate, and phosphorus. RDAs were capped at 100% to account for the dilution effect of intakes exceeding 100%. To be considered nutritionally adequate, the group means had to achieve at least 67% of the RDA for each vitamin and mineral, 35 and 100% of the RDA for energy. An overall mean adequacy ratio (MAR) (defined as the total of the 16 capped percent RDAs divided by 16) also was calculated as a measure of overall nutritional adequacy.
To allow for comparison of results with dietary recommendations, percent contribution to energy intake of total fat and saturated fat were assessed, as were cholesterol and sodium intakes. To be considered congruent with guidelines, group means had to achieve 30% or less energy from fat, 2 less than 10% energy from saturated fat, 2 300 mg or less dietary cholesterol, 2 and 2400 mg or less sodium. 36 Calculations to determine the exponents that most closely approximate a normal distribution for each nutrient were used (courtesy of Dr Alicia Carriquiry, Statistics Lab at Iowa State University). In accordance with USDA guidelines, weighted data were used for descriptive statistics and unweighted data were used for inferential statistics. 37 Analysis of variance with Scheffe's test was used to statistically analyze differences in nutrient intake between pure users, mixed users, and nonusers of each strategy or combined strategies. A P value of .01, which is more conservative than standard practice, was used to determine significant relationships in an attempt to compensate for the design effect of this large, complex survey.
RESULTS
Of the 3299 children in the data set, few qualified as exclusive users of skim milk, lean meats, or fatmodified products (Table 1) . Of the milk users, 3% (n ϭ 85) used only skim milk. Of the meat users, 2% (n ϭ 52) used only lean meats. Of the users of cheese, yogurt, salad dressing, cake, and pudding, 1% (n ϭ 20) used only fat-modified versions of these products. Given the low usage rates of any strategy, further nutritional analyses for specific age or gender groupings could not be performed.
Children who used only skim milk were more likely to be female, older, white, and live in families with higher income and more years of education for the head of household when compared with children who used higher-fat milks (Table 1) . Children who used only lean meats also were more likely to be female, older, white, and live in families with higher income when compared with children who used higher-fat meats; however, the head of household for children who used lean meats reported slightly less years of education than for children who used higher-fat meats. Children who used only fat-modified products were more likely to be female, younger, white, live in families with higher income, and slightly more years of education for the head of household when compared with children who used full-fat products.
Only 3 children who used fat-reduction strategies were exclusively using two of the three fat-reduction strategies, and none reported use of all three. Thus, comparisons involving multiple strategy users were not possible. Combining single strategy users with multiple strategy users is not meaningful because this results in a reanalysis of single strategy use. Therefore, further discussion of strategy use will include milk users, meat users, and product users but will not include comparisons of number of strategies used.
No mean values for any group (including those who used higher-fat milks, higher-fat meats, and full-fat products) achieved 100% of the RDA for energy (Fig 1, Fig 2, and Fig 3) . Exclusive use of skim milk or fat-modified products had no significant impact on total energy intake or percent RDA for energy. However, children who used only lean meats had a significantly lower mean percent RDA for energy (P Ͻ .0001) than those who used mixed meats or higher-fat meats (Fig 2) . Children who used only skim milk had significantly lower intakes of total fat (P Ͻ .0001), saturated fat (P Ͻ .0001), and cholesterol (P Ͻ .0001) when compared with children who used higher-fat milks (Table 2 ). Using only skim milk had no significant impact on total intake of protein, carbohydrate, vitamins, or minerals. All groups of milk users exceeded 67% of the RDA for vitamin A, calcium, and magnesium and 11 other vitamins and minerals, when nutrients were expressed as percent RDA; although exclusive use of skim milk resulted in statistically significant lower values for vitamin A, calcium, and magnesium when compared with users of mixed milks but not when compared with users of higherfat milks (Fig 1) .
Children who used only lean meats had a significantly lower intake of total fat (P Ͻ .0001), saturated fat (P Ͻ .0001), and cholesterol (P Ͻ .0004) when compared with users of mixed meats and users of higher-fat meats (Table 3) . Although exceeding twothirds of the RDA, it seems that total intake of thiamin, potassium, and phosphorus was statistically significantly lower for users of lean meats when compared with users of mixed meats but not when compared with users of higher-fat meats. However, when expressed as nutrient density, intake of each of these nutrients was greater for those who used lean meats (data not shown). Based on percent RDAs, users of only lean meats had statistically significant lower values for protein, thiamin, vitamin E, magnesium, phosphorus, and the MAR when compared with mixed-meat users but not when compared with higher-fat meat users (Fig 2) . It should be noted that although percent protein was statistically lower in lean-meat users, it was still more than 67% of the RDA, whereas percent vitamin E for lean-meat users did not reach 67% of the RDA.
Use of only fat-modified versions of cheese, yogurt, salad dressing, cake, or pudding had no significant impact on overall nutrient intake except for a statistically significant lower vitamin A intake when compared with users of mixed products (Table 4) . Based on percent RDAs, micronutrient intakes were not significantly affected by use of fat-modified products, with all exceeding 67% regardless of . Milk users include skim milk users only (n ϭ 85), mixed milk (n ϭ 96), 1%, 2%, or whole milk (n ϭ 2780). RDAs were capped at 100% to account for the dilution effect of intakes exceeding 100%. To be considered nutritionally adequate, the group means had to achieve at least 67% of the RDA for each vitamin and mineral and 100% of the RDA for energy. Columns with differing letters denote significant differences at P Ͻ .01 as determined by analysis of variance with Scheffe's test using Statistical Analysis Software (Cary, NC). Columns in which no letters appear are not significantly different.
whether fat-modified or full-fat products were used (Fig 3) .
Children who used skim milk or lean meats achieved dietary recommendations for total fat ( Fig  4A) . Users of skim milk closely approximated the guideline for saturated fat (Fig 4B) . All groups achieved 300 mg or less for cholesterol intake regardless of food choices. All groups exceeded the 2400 mg cutoff for sodium intake except for users of only fat-modified products.
DISCUSSION
Very few children were identified as exclusive users of skim milk, lean meats, or fat-modified products and no child was identified as a multiple fatreduction strategy user. Demographic characteristics of children who reported use of lower-fat food choices in this study are similar to those reported previously. 38 The fact that so few children qualified as multiple strategy users should alleviate concern that a large portion of American parents are being overzealous in their attempt to reduce children's fat intake. The sorting procedure in this study was rather restrictive to evaluate the full impact of using fat-reduction strategies; therefore, food choices of a child who qualified as a multiple strategy user would be very limited. In addition, the sorting procedure used required use or nonuse of fat-modified products for all five types of foods for each of the 3 days when those products were consumed.
Those who express concern about the micronutrient adequacy of a lower-fat diet for children should find these data intriguing. Each of the three proposed scenarios were evident in this study. Adequate micronutrient intake was reported for children who achieved 30% of energy from total fat and 10.7% of energy from saturated fat by using skim milk in place of higher-fat milks. Although energy intake was 76.2% of the RDA, it was not significantly lower for children who used skim milk. Thus, skim milk users were making nutrient dense, lower-fat food choices. These results are congruent with both theoretical 27 and observational studies. 39 When the diets of 4-to 7-year-old Latino children in New York City were divided into quintiles based on percent energy from saturated fat, frequent consumption of whole milk was the single most important food choice that distinguished children with high-versus low-satu- , mixed meats (n ϭ 627), and higher-fat meats (medium-fat and high-fat meats) (n ϭ 2509). RDAs were capped at 100% to account for the dilution effect of intakes exceeding 100%. To be considered nutritionally adequate, the group means had to achieve at least 67% of the RDA for each vitamin and mineral and 100% of the RDA for energy. Columns with differing letters denote significant differences at P Ͻ .01 as determined by analysis of variance with Scheffe's test using Statistical Analysis Software (Cary, NC). Columns in which no letters appear are not significantly different. rated-fat intakes. In this population, substitution of 1% milk for whole milk reduced saturated-fat consumption to recommended levels for three of the five groups. Because milk is consumed frequently by children, use of skim milk (and probably 1% milk as well) in place of higher-fat milks offers great potential for reductions in fat intake without negatively affecting micronutrient intake.
Children who used lean meats reported adequate micronutrient intake, except for vitamin E (64.1%), but statistically significant lower energy intake (70% of RDA), while achieving 30.2% of energy from total fat and 11.7% from saturated fat. It should be noted that no group reported consumption of 100% of the RDA for vitamin E. This is consistent with previous studies of children on lower-fat diets. 11, 17 High carbohydrate diets consumed by children in the Bogalusa Heart Study also were significantly lower in vitamin E. 40 Professional guidance is necessary when children exclusively use lean meats. Although mixed-meat users were further from achieving dietary goals than were lean-meat users, their overall profile was the most nutrient dense.
Children who used only fat-modified versions of cheese, yogurt, salad dressing, cake, and pudding made no significant impact on energy or micronutrient intake and did not achieve dietary recommendations for either total fat or saturated fat. In fact, percent energy from fat for users of fat-modified products was higher than that of mixed-products users; although total fat (g) was lower. Experts suggest use of fat-modified products may be associated with a net decrease in fat intake and net increase in carbohydrate and protein intake, resulting in reductions in percent energy from fat with no significant reductions in 24-hour energy intake. [41] [42] [43] In this study it seems children who used fat-modified products may represent those who compensate for lower-fat food choices. However, it should be noted that only 20 children used this strategy; therefore, caution regarding generalization of this finding should be taken.
As stated previously, energy intake did not reach 100% of the RDA for any child, regardless of strategy use or nonuse. This finding is consistent with the overall mean of 88% of the RDA (1781 kcal) obtained by Lin and Guthrie using the same CSFII 1989 -1991 data. 8 These investigators also showed energy in- . Product users include fat-modified product users only (n ϭ 20), mixed users (n ϭ 66), 1%, 2%, or full-fat product users (n ϭ 1639). RDAs were capped at 100% to account for the dilution effect of intakes exceeding 100%. To be considered nutritionally adequate, the group means had to achieve at least 67% of the RDA for each vitamin and mineral and 100% of the RDA for energy. Columns with differing letters denote significant differences at P Ͻ .01 as determined by analysis of variance with Scheffe's test using Statistical Analysis Software (Cary, NC). Columns in which no letters appear are not significantly different.
takes did not reach 100% of the RDA for a number of age/gender groups. It also is consistent with dietary intakes from other studies of children. 4, 5, 44 Despite static or declining energy intake for children since the 1970s, Kennedy and Goldberg 22 concluded that growth in American children seems adequate. One possible explanation for low-energy intake is underreporting. Underreporting of dietary intake is quite common, [45] [46] [47] [48] [49] particularly when 24-hour recalls are used. In the CSFII, parents complete diet records for young children, and parents who report intake for their children tend to underreport. 50, 51 Another explanation specific to the present study, may be the use of capped energy values during analysis which was done to prevent dilution of the means by those who greatly exceeded 100%. Because this study demonstrates that energy intakes for those children exclusively consuming lean meats are significantly lower Three than for children consuming some higher-fat meats, it becomes even more critical to closely monitor these children. Additional limitations of this study are related to limitations of dietary assessment in general. All dietary assessment methods assume participants are able to remember what and how much they ate, have some knowledge of common weights and measures, and have the desire to accurately report such information. 52 Even if the information is accurate, participants may modify their eating patterns during the survey period and therefore data may not truly represent respondents' typical food intake. Inaccuracies in databases used to analyze intake also are possible.
Furthermore, there is the possibility of misclassification with use of the food choice-based sorting procedure used in this study. Portion size of individual foods was not considered when categorizing people as users or nonusers. Thus, one report of skim milk and no other reports of milk use across the 3 days would classify a person as a skim milk user, whereas use of skim milk at every meal for 3 days also would classify a person as a skim milk user.
Selecting only those who reported all 3 days' intake reduced the sample size of potential users and nonusers by approximately one third. However, use of one 24-hour recall to estimate usual intake of individuals is not recommended due to high withinperson variability. 52, 53 Neither precise anthropometric measurements nor physiologic markers were available to assess accuracy of dietary reports in relationship to physical growth and development of children who used fat-reduction strategies. Finally, the low number of exclusive users of any strategy precluded analysis by age or gender. Although exclusive users are older, the impact of use may vary depending on the child's age. Thus, utilization of the CSFII allows for analysis of a large nationally representative sample, but requires acknowledgment of methodologic weaknesses inherent to the study design.
None of these limitations, however, diminish the findings of this study that suggest use of certain lower-fat food choices can facilitate achievement of contemporary dietary recommendations. However, the impact of using lower-fat food choices on children's overall nutrient intake differs depending on the strategy used. American children who use skim milk in place of higher-fat milks can closely approximate dietary recommendations while maintaining adequate micronutrient intake without significantly impacting energy intake. Thus, use of skim milk is an economical, single-food strategy that facilitates achievement of contemporary dietary guidelines while maintaining nutrient adequacy. Children who use lean meats in place of higher-fat meats can achieve the dietary guideline for total fat; however, intakes of energy and vitamin E need to be closely monitored. Professional guidance is recommended for children who choose only lean meats. Children who use only fat-modified versions of cheese, salad dressing, cake, pudding, and yogurt may make no significant impact on their energy, fat, or micronutrient intake. However, as the number and types of fat-modified products has greatly expanded since 1991, the impact of their use needs to be closely monitored. Results of this study can be used by health professionals working with children and their parents to highlight the overall efficacy of dietary recommendations while alerting them to potential pitfalls. NS Fig 4. A, Comparison of the contemporary dietary guideline for total fat (30% of energy) with the mean percent energy from total fat for children using various fat-reduction strategies. Data sources are the combined 1989 -1991 CSFII (Human Nutrition Information Service, USDA, Washington, DC). Columns with differing letters denote significant differences at P Ͻ .01 as determined by analysis of variance with Scheffe's test using Statistical Analysis Software (Cary, NC). Columns in which no letters appear are not significantly different. B, Comparison of the contemporary dietary guideline for saturated fat (10% of energy) with the mean percent energy from saturated fat for children using various fat-reduction strategies. Data sources are the combined 1989 -1991 CSFII (Human Nutrition Information Service, USDA, Washington, DC). Columns with differing letters denote significant differences at P Ͻ .01 as determined by analysis of variance with Scheffe's test using Statistical Analysis Software (Cary, NC). Columns in which no letters appear are not significantly different.
